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౑⏝ࡉࢀ࡚࠸ࡿࡇ࡜ࡀ⌧≧࡛࠶ࡿ 13, 14)ࠋ 
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ࡀࢇ๣ࡢ㉳※ࡣ๓㏙ࡋࡓ➨ 2 ḟୡ⏺኱ᡓ୰࡟⏕≀රჾ࡜ࡋ࡚౑⏝ࡉࢀࡓࢼ࢖

























1) 1᪥㔞ࠊ10 mg (0.2 mg/kg)ࢆ᪥ᒁὀᑕ⏝Ỉࡲࡓࡣ᪥ᒁ⏕⌮㣗ሷᾮ࡟⁐ゎࡉ
ࡏࠊ1᪥ 1ᅇ 4㹼6᪥㛫㐃᪥㟼⬦ෆ࡬ࡢᢞ୚ᚋࠊ7㹼10᪥ఇ⸆ࡍࡿࠋࡇࡢ
᪉ἲࢆ 1ࢡ࣮ࣝ࡜ࡋࠊ2㹼3ࢡ࣮ࣝ⧞ࡾ㏉ࡍࠋ 
2) 1᪥㔞ࠊ20 mg (0.4 mg/kg)ࢆ᪥ᒁὀᑕ⏝Ỉࡲࡓࡣ᪥ᒁ⏕⌮㣗ሷᾮ࡟⁐ゎࡉ
ࡏࠊ1᪥ 1ᅇ 2㹼3᪥㛫㐃᪥㟼⬦ෆ࡬ࡢᢞ୚ᚋࠊ7㹼10᪥ఇ⸆ࡍࡿࠋࡇࡢ
᪉ἲࢆ 1ࢡ࣮ࣝ࡜ࡋࠊ2㹼3ࢡ࣮ࣝ⧞ࡾ㏉ࡍࠋ 
3) 1᪥㔞ࠊ20㹼30 mg (0.4㹼0.6 mg/kg)ࢆ᪥ᒁὀᑕ⏝Ỉࡲࡓࡣ᪥ᒁ⏕⌮㣗ሷ
ᾮ࡟⁐ゎࡉࡏࠊ1 ᪥ 1 ᅇ 3 ᪥㛫㐃᪥㟼⬦ෆ࡬ࡢᢞ୚ᚋࠊ18 ᪥ఇ⸆ࡍࡿࠋ
ࡇࡢ᪉ἲࢆ 1ࢡ࣮ࣝ࡜ࡋࠊ2㹼3ࢡ࣮ࣝ⧞ࡾ㏉ࡍࠋ 
4) ⥲ᢞ⸆㔞ࡣ 500 mg/m2(య⾲㠃✚)௨ୗ࡜ࡍࡿࠋ 
 
ᝏᛶࣜࣥࣃ⭘ࡢሙྜ 
5) ୖグ 1)㹼3)࡟ᚑ࠺ࠋ 
6) 1᪥ 1ᅇ 25㹼50 mg/m2(య⾲㠃✚)ࢆ㟼⬦ෆᢞ୚ࡋࠊ⧞ࡾ㏉ࡍሙྜ࡟ࡣᑡ
࡞ࡃ࡜ࡶ 2㐌㛫௨ୖࡢ㛫㝸ࢆ࠶ࡅ࡚ᢞ୚ࡍࡿࠋ 
7) 1᪥┠ࡣ 40 mg/m2(య⾲㠃✚)ࠊ8᪥┠࡟ 30 mg/m2(య⾲㠃✚)ࢆ㟼⬦ෆᢞ୚
ࡋࠊࡑࡢᚋ 20 ᪥㛫ఇ⸆ࡍࡿࠋࡇࡢ᪉ἲࢆ 1 ࢡ࣮ࣝ࡜ࡋ࡚ᢞ୚ࢆ⧞ࡾ㏉





ሷ㓟ሷࡢᢞ୚㔞ཬࡧᢞ୚᪉ἲࡣࠊ1᪥㔞 60 mg/m2(య⾲㠃✚) ࢆ᪥ᒁὀᑕ
⏝Ỉࡲࡓࡣ᪥ᒁ⏕⌮㣗ሷᾮ࡟⁐ゎࡋࠊ1᪥ 1ᅇ㟼⬦ෆᢞ୚ᚋࠊ20᪥㛫ఇ





Table 1-1 ᢠࡀࢇ๣ࡢ୺࡞✀㢮 
 


















































㌿⛣࣭⾑⟶᪂⏕ ⾑⟶ෆ⓶⣽⬊ቑṪᅉᏊ  

















࠶ࡿ࡜ࡉࢀ࡚࠾ࡾࠊ௨ୗࡢࡼ࠺࡞࣓࢝ࢽࢬ࣒ࡀ⪃࠼ࡽࢀ࡚࠸ࡿ 1-3, 21)ࠋ 
 

































 ௨ୖࡢࡼ࠺࡞࣓࢝ࢽࢬ࣒ࡢ୰࡛ࠊ⸆๣᤼ฟάᛶࡢஹ㐍ࠊ≉࡟ MDR1 ࢱࣥࣃ
ࢡ㉁(P-gp; MDR1)ࡸMDR-associated protein(MRP)ࡢࡼ࠺࡞⸆๣᤼ฟࢱࣥࣃࢡ㉁ 
࡟ࡼࡗ࡚ࠊࡀࢇ⣽⬊ෆ࠿ࡽእ࡬ࡢ⸆๣᤼ฟࡀάᛶ໬ࡋ࡚࠸ࡿ 29)ࠋMDR1ࡣ ATP-
binding cassette(ABC)ࢺࣛࣥࢫ࣏࣮ࢱ࣮ࢱࣥࣃࢡ㉁ࣇ࢓࣑࣮ࣜࡢ୍✀࡛࠶ࡾࠊ
ATPase άᛶࢆ᭷ࡋ 30,31)ࠊATP ࢆຍỈศゎࡍࡿࡇ࡜࡛ᵓ㐀ኚ໬ࢆ㉳ࡇࡋࠊᢠࡀ
ࢇ๣࡟ᑐࡋ࡚㧗࠸ぶ࿴ᛶࢆᚓࡿࡇ࡜࡛ᢠࡀࢇ๣ࢆ⣽⬊እ࡬⭷㍺㏦ࡋ࡚࠸ࡿ











































Table 1-2 ྛ⤌⧊ࡢࡀࢇᖿ⣽⬊࣐࣮࣮࢝ 
  ⤌⧊✀㢮 ࣐࣮࣮࢝ 
ஙࡀࢇ CD44
+ , CD24-/low 
ALDH+ 





+, CD24+, ESA+ 
CD133+, EpCAM+ 
⫶ࡀࢇ CD44+ 
⫵ࡀࢇ ABCG2, CD133+ 
⫢⮚ࡀࢇ EpCAM(CD326)
+, CD133+ 
CD13+, CD44+, CD90+ 
ᝏᛶ㯮Ⰽ⭘ CD20+, ABCB5+ 

























⸆≀ఏ㐩ࢩࢫࢸ࣒(Drug Delivery System: DDS)ࡢ࢟ࣕࣜ࢔࣮࡜ࡋ࡚㛤Ⓨࡉࢀࠊ
ไࡀࢇ๣ྵ᭷HLࢆࡀࢇ⣽⬊࡟స⏝ࡉࡏࡿࡇ࡜࡛ቑṪᢚไຠᯝࢆ♧ࡋ࡚࠾ࡾ




















㇟䛾 in vitro 䛷䛾෌⌧䛸 in vivo 䛷䛾┦㛵䛻䛴䛔䛶᳨ド䛧䚸᪂つ䛺⸆๣⪏ᛶඞ᭹
⸆䛾㛤Ⓨ䛾䛯䜑䛻⏝䛔䜛⣽⬊䜰䝑䝉䜲⣔䛾☜❧䚸䐠⫢⮚䛜䜣⣽⬊୰䛻Ꮡᅾ䛩䜛
⫢䛜䜣ᖿ⣽⬊䜈᭷ຠ䛺ᢠ䛜䜣๣䛾᳨ウ䜢⾜䛔䚸௨ୗ䛾 4 ❶䛸䛧䛶䜎䛸䜑䛯䜒䛾䛷
䛒䜛䚹➨ 2❶䛷䛿䚸⫢䛜䜣⣽⬊䛾୕ḟඖ䠄3D䠅ᇵ㣴䛻䜘䜛⸆๣⪏ᛶ⌧㇟䛾 in vitro

























































Fig.1-2 HL࡟ࡼࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࣓࢝ࢽࢬ࣒ 69) 
11 
 
➨ 2❶ ࣄࢺ⫢ࡀࢇ⣽⬊࡟㛵ࡍࡿ⸆๣⪏ᛶඞ᭹⸆ࡢ in vivoຠᯝண ࡢࡓࡵࡢ 





































 ᮏ◊✲࡛⏝࠸ࡓ 3D ᇵ㣴ᢸయ Cellbed®ࡣࠊࢩࣜ࢝⣔ࢼࣀࣇ࢓࢖ࣂ࣮࡛࠶ࡾࠊ









ࡑࡇ࡛ࠊᮏ❶࡛ࡣࠊࡇࡢ in vitro 3Dᇵ㣴ࣔࢹ࡛ࣝほ ࡉࢀࡓ⸆๣⪏ᛶඞ᭹⌧㇟


























 HepG2⣽⬊ࡢᇵ㣴ࡣࠊቑṪ⏝ᇵᆅ࡜ࡋ࡚Minimum Essential Medium(MEM)࡟
Table 2-1 ࡟♧ࡍヨ⸆ࢆῧຍࡋࠊ୕ゅࣇࣛࢫࢥ࡟㉸⣧Ỉ࡜ඹ࡟ຍ࠼࡚ࢫࢱ࣮ࣛ
࣮ࢆ⏝࠸࡚ 1᫬㛫⛬ᗘ᧠ᢾࡉࡏࡓᚋࠊ↓⳦⎔ቃୗ࡛ 0.22 μmࣇ࢕ࣝࢱ࣮࡟࡚ࢁ
㐣⁛⳦ࡋࡓࡶࡢࢆ౑⏝ࡋࡓ㸦௨ୗMEMᇵᆅ࡜࿧ࡪ㸧ࠋᐇ㝿ࡢᇵ㣴࡛ࡣࠊMEM
ᇵᆅ 90 %ᐜ㔞࡟ᑐࡋ࡚࢘ࢩ⫾ඣ⾑Ύ(Fetal Bovine Serum: FBS, Hyclone)ࢆ 10 %
ᐜ㔞ຍ࠼࡚ᇵ㣴ࡋࡓ(MEM:FBS=9:1)ࠋ 
 
Table 2-1  MEMᇵᆅࡢ⤌ᡂ 
H2O (㉸⣧Ỉ) 1 L 
Minimum Essential Medium (MEM) 9.5 g/L (1 ⿄) 
NaHCO3  2.2 g 
HEPES 5.7 g 
Penicillin 63 mg 










 Minimum Essential Medium (MEM) GIBCO 
 Ⅳ㓟Ỉ⣲ࢼࢺ࣒ࣜ࢘<≉⣭>(NaHCO3) ࢼ࢝ࣛ࢖ࢸࢫࢡ 
 HEPES DOJINDO 
 Penicillin ᫂἞〇Ⳬ 
 Streptomycin ᫂἞〇Ⳬ 
  Fetal Bovine Serum (FBS) Hyclone 
 
ղ⣽⬊Ὑί⏝㸸Ca, Mg free Phosphate buffer saline ; PBS(-) ㄪ〇⏝ 
ሷ໬࣒࢝ࣜ࢘ࠑ≉⣭ࠒ(KCl) ࢼ࢝ࣛ࢖ࢸࢫࢡ 






EDTA࣭2Na (C10H14N2Na2O8࣭2H2O) DOJINDO 
 
մ⣽⬊ィᩘ⏝(Ⰽ⣲᤼㝖ἲ) 




Dimethyl Sulfoxide (DMSO)ࠑ≉⣭࠙ࠒ (CH3)2SOࠚ ࿴ග⣧⸆ᰴᘧ఍♫ 
 
նჾලὙί⏝ 
ḟளሷ⣲㓟ࢼࢺ࣒ࣜ࢘(࢔ࣥࢳ࣑࣍ࣝࣥ) (NaClO)  ࢼ࢝ࣛ࢖ࢸࢫࢡ 








ᾘẘ⏝࢚ࢱࣀ࣮ࣝ IP ೺ᰤ〇⸆ᰴᘧ఍♫ 
 
չᢠࡀࢇ๣ (Doxorubicin, DOX) 
 ࢻ࢟ࢯࣝࣅࢩࣥሷ㓟ሷ(MW: 579.99) ࿴ග⣧⸆ᰴᘧ఍♫ 
 




 ࣋ࣛࣃ࣑ࣝሷ㓟ሷ (MW: 454.602) ࿴ග⣧⸆ᰴᘧ఍♫ 
Fig. 2-3 VRPࡢᵓ㐀ᘧ 
 
ջCell Counting Kit-8 DOJINDO 
 
ռࢧࣥࣉࣝᅛᐃ⏝ 






  ᇵ㣴 dish (35mm, 60mm, 100mm) BD FALCON 
  ᇵ㣴 plate (24 well, 96 well) ఫ཭࣮࣋ࢡࣛ࢖ࢺᰴᘧ఍♫ 
ᇵ㣴ࣆ࣌ࢵࢺ(1, 2, 5, 10, 20mL) ᒾᇛ◪Ꮚ 
ࣃࢫࢶ࣮ࣝࣆ࣌ࢵࢺ ᒾᇛ◪Ꮚ 
ࣇࢱ௜ࡁᇵᆅ⎼(30,50, 100, 200, 300, 500mL) ᒾᇛ◪Ꮚ 
ࣇࢱ௜ࡁ㐲ᚰ⟶(30, 40 mL) ᒾᇛ◪Ꮚ 
ࢫࢡ࣮ࣜࣗࣂ࢖࢔ࣝ⎼(9, 15, 20, 27mL) ᒾᇛ◪Ꮚ 
0.22μmℐ㐣⁛⳦ࣇ࢕ࣝࢱ (࣮sterivex-SVGP 01050) MILLIPORE 
0.20μmℐ㐣⁛⳦ࣇ࢕ࣝࢱ (࣮MILLEX SLFG 025LS) MILLIPORE 
0.22μmℐ㐣⁛⳦ࣇ࢕ࣝࢱ (࣮MILLEX SLGS 033SS) MILLIPORE 
0.20μmℐ㐣⁛⳦ࣇ࢕ࣝࢱ (࣮DISMIC-13cp020AS Cellulose Acetate) ADVANTEC 
ࢹ࢕ࢫ࣏࣮ࢨࣈࣝࢩࣜࣥࢪ (1, 5, 10 mL) TERUMO 






Pipetman (10, 200, 1000μL)  GILSON 





















⡆᫆ࢡ࣮ࣜࣥࣈ࣮ࢫ(PURE SPACE PS-100) ࢔ࢬ࣡ࣥ 





pH࣓࣮ࢱ࣮(MP-220) METTLER TOLEDO 
pHᰯṇᾮ(㘄๣; pH4, 7, 10) ࢔ࢬ࣡ࣥ 
㟁Ꮚኳ⛗(AB204-S) METTLER TOLEDO 
஝⇕⁛⳦ᶵ(MOV-212F)  SANYO 
ᐃ㔞㏦ᾮ࣏ࣥࣉ  EYELA 














ཱྀࢆそ࠸ࠊ120℃࡛ 45ศ㛫(᪼⇕᫬㛫 30ศࠊ⥔ᣢ᫬㛫 15ศ)࣮࢜ࢺࢡ࣮ࣞࣈ⁛




⏝࠸࡚ࠊᏍᚄ 0.22 μmࡢℐ㐣⁛⳦ࣇ࢕ࣝࢱ࣮(sterivex-SVGP 01050)࡛ℐ㐣⁛⳦ࢆ
⾜ࡗࡓ(㏦ᾮࡢ㏿ࡉࡣࣇ࢕ࣝࢱ࣮࠿ࡽฟࡿᾮࡢ⁲ࡀぢ࠼ࡿ⛬ᗘ)ࠋࡑࡢ௚ࠊℐ㐣
⁛⳦ࡀᚲせ࡞ヨ⸆ࡣࢹ࢕ࢫ࣏࣮ࢨࣈࣝࢩࣜࣥࢪ࡟඘ሸࡉࡏ࡚ࠊぶỈᛶࡢヨ⸆
ࡣ 0.22 μmࣇ࢕ࣝࢱ࣮(MILLEX SLGS 033SS)ࠊ␯Ỉᛶࡢヨ⸆ࡣ 0.20 μmࣇ࢕ࣝ







ձࣜࣥ㓟⦆⾪⏕⌮㣗ሷỈ(Ca㺃Mg free Phosphate buffer saline: PBS(-))ㄪ〇ἲ 
ሷ໬ࢼࢺ࣒ࣜ࢘ (NaCl)8.00 g/Lࠊࣜࣥ㓟Ỉ⣲஧ࢼࢺ࣒ࣜ࢘༑஧Ỉ࿴≀
(Na2HPO4࣭12H2O) 2.88 g/Lࠊࣜࣥ㓟஧Ỉ⣲࣒࢝ࣜ࢘(KH2PO4)0.20 g/Lࠊሷ໬࢝
࣒ࣜ࢘(KCl)0.2 g/Lࢆ⢭⛗ࡋࠊ㉸⣧Ỉ(1L)࡟⁐࠿ࡋࠊ⣙ 3᫬㛫㟼࠿࡟ᨩᢾࡋࡓࠋ
⁐ゎᚋࠊ0.22 μmࣇ࢕ࣝࢱ࣮(sterivex-SVGP 01050)࡟ࡼࡾℐ㐣⁛⳦ࢆ⾜ࡗࡓࠋ 
 
ղ0.05%Trypsin-EDTA⁐ᾮࡢㄪ〇ἲ 
⣽⬊๤㞳࡟౑⏝ࡍࡿ㝿ࡢ᭱⤊⃰ᗘࡣ 0.05%Trypsin (0.5 g/L)ࠊEDTA ࡀ 0.53 
mM (0.1972872 g/L)࡛࠶ࡿࡓࡵࠊ40 ಸ⃰ᗘࡢ 2%Trypsin-EDTA ࢆㄪ〇ࡋ࡚ࡇ
ࢀࢆཎᾮ࡜ࡋࡓࠋㄪ〇ᚋࡇࡢ 2%Trypsin-EDTA ཎᾮࡣ 25 mL ࡎࡘศὀࡋࡓᚋ
࡟-80Υ࡛ಖᏑࡋࡓࠋ 
ᐇ㦂࡟౑⏝ࡋࡓ 0.05%Trypsin-EDTAࡣཎᾮ 25 mL࡟ PBS(-)ࢆ 975 mLຍ࠼
࠼ 1᫬㛫᧠ᢾࡋࡓᚋࠊ0.22 μmࣇ࢕ࣝࢱ࣮(sterivex-SVGP 01050)࡟ࡼࡾℐ㐣⁛⳦
ࢆ⾜ࡗࡓࠋℐ㐣⁛⳦ᚋࡣ-20Υ࡟ಖᏑࡋࠊ౑⏝๓࡟ 4Υ࡛ಖᏑࡋࡓࠋ 
 
ճ0.3% (w/v)Trypan Blue⁐ᾮࡢㄪ〇ἲ 
⢊ᮎࡢࢺࣜࣃࣥࣈ࣮ࣝࢆ 0.3%࡟࡞ࡿࡼ࠺࡟ PBS(-)࡛⁐ゎࡉࡏ(୍ᬌ᧠ᢾ)ࠊ
0.22 μmࣇ࢕ࣝࢱ࣮(MILLEX SLGS 033SS)࡟ࡼࡾℐ㐣⁛⳦ࢆ⾜ࡗࡓࠋ 
 
 մDOXࡢㄪ〇 (Stock solution: 10 mM) 
 ⢊ᮎࡢ DOX ࢆ⛗㔞ࡋࠊ⁛⳦Ỉ࡛ 10 mM ⃰ᗘ࡟࡞ࡿࡼ࠺࡟࣎ࣝࢸࢵࢡࢫ࠾




յVRPࡢㄪ〇 (Stock solution: 200 mM) 
 ⢊ᮎࡢ VRPࢆ⛗㔞ࡋࠊDMSO࡛ 200 mM⃰ᗘ࡟࡞ࡿࡼ࠺࡟࣎ࣝࢸࢵࢡࢫ࠾
ࡼࡧࣆ࣌ࢵࢸ࢕ࣥࢢ࡟ࡼࡾ⁐ゎࡉࡏࡓᚋࠊ0.22 μm ࣇ࢕ࣝࢱ࣮(MILLEX SLFG 
025LS)࡛ࢁ㐣⁛⳦ࡋ࡚ 100 μLࡎࡘᑠศࡅࡋ࡚-20Υ࡛㐽ගࡋ࡚ಖᏑࡋࡓࠋ౑⏝
ࡢ㝿ࡣࠊPBS(-)࡛ᕼ㔘ࡋ࡚౑⏝ࡋࡓࠋ౑⏝ࡢ㝿ࡣࠊ100 μM ࡟ᕼ㔘ࡋࡓࡓࡵࠊ
DMSOࡢ᭱⤊⃰ᗘࡣ 0.05 %࡛౑⏝ࡋࡓࠋ 
 
ն70 %࢚ࢱࣀ࣮ࣝㄪ〇ἲ 


















ࡿࡓࡵ࡟ࠊ0.05% Trypsin-EDTAࢆຍ࠼ࠊ37Υ࡛ 3 ศ㛫࢖࣮ࣥ࢟ࣗ࣋ࢩࣙࣥ
ࡋࡓᚋࠊ⾑Ύධࡾᇵᆅࢆຍ࠼ Trypsinࡢస⏝ࢆṆࡵࠊࢹ࢕ࢵࢩࣗ⾲㠃࠿ࡽ⣽
⬊ࢆࣆ࣌ࢵࢸ࢕ࣥࢢ࡟ࡼࡾ๤ࡀࡋࡓࠋࡇࢀࢆ㐲ᚰ⟶࡟⛣ࡋࠊ1000 rpm ࡛ 3
ศ㛫㐲ᚰศ㞳ࡋࠊ㐲ᚰᚋ 0.05% Trypsin-EDTAࢆྵࢇࡔᇵᆅࢆ྾ᘬ㝖ཤࡋࡓࠋ
⾑Ύᇵᆅࢆỿ㝆⣽⬊ࡢධࡗࡓ㐲ᚰ⟶࡟ຍ࠼࡚ࠊࡼࡃࣆ࣌ࢵࢸ࢕ࣥࢢࡋࠊ⾑⌫
ィ⟬┙ࢆ⏝࠸࡚ 0.3% Trypan Blue ⁐ᾮ࡟ࡼࡿⰍ⣲᤼㝖ἲ࡛ᠱ⃮ᾮ୰ࡢ඲⣽
⬊ᩘ(⏕⣽⬊ᩘ㸩Ṛ⣽⬊ᩘ)ࢆィᩘࡋࡓࠋィᩘᚋࠊ⏕⣽⬊ᩘࡀ 3.0×106 cells/mL
࡟࡞ࡿࡼ࠺࡟⣽⬊ᠱ⃮ᾮࢆṧࡾࡢᇵᆅ࡟ศὀࡋࠊணࡵị୰࡟ಖᣢࡋ࡚࠾࠸












┙ࢆ⏝࠸࡚ 0.3% Trypan Blue ⁐ᾮ࡟ࡼࡿⰍ⣲᤼㝖ἲ࡛ᠱ⃮ᾮ୰ࡢ⏕⣽⬊ᩘ
ࢆィᩘࡋࡓࠋィᩘᚋࠊ᧛✀ᐦᗘࡀ 5.0×104 cells/mLࡢ⃰ᗘ࡟࡞ࡿࡼ࠺࡟ࠊ᳜
࠼⥅ࡂ⏝࡟⏝ពࡋࡓ᪂ࡋ࠸ᇵᆅ࡟⣽⬊ᠱ⃮ᾮࢆศὀࡋࠊࡼࡃࣆ࣌ࢵࢸ࢕ࣥ














































Cellbed®ࡣ┤ᚄ⣙ 1 μm ࡢ⏕య㐺ྜᛶࡢ㧗࠸ࢩࣜ࢝ࣇ࢓࢖ࣂ࣮࠿ࡽᡂࡿ୙⧊





















HepG2, Day 7, ᧛✀㠃
HepG2, Day 7, ᩿㠃
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࡛ಶูໟ⿦࠿ࡽྲྀࡾฟࡋࠊ24 well plateࡢ well࡟ⴠ࡜ࡋ㎸ࡳ౑⏝ࡍࡿ (Cellbed®
96 well plateࡣඖࠎCellbed®ࡀ⣽⬊ᇵ㣴ࣉ࣮ࣞࢺ࡟ᤄධࡉࢀ࡚࠸ࡿࡶࡢࢆ౑⏝)ࠋ









⾜ࡗࡓࠋ 2-2-7 ࡢ 1)ࡢᐇ㦂๓ฎ⌮ࢆ⾜ࡗࡓ Cellbed® 24 well plate ࡟







2-2-8  HepG2⣽⬊࡟ᑐࡍࡿᢠࡀࢇ๣(Doxorubicin)ࡢ 50%ቑṪᢚไヨ㦂 
 
1) WST-8 assayࡢཎ⌮ 
Cell Counting Kit-8(WST-8) ࡢཎ⌮ᅗࢆ Fig. 2-5 ࠊFig. 2-6 ࡟♧ࡋࡓࠋWST-
8(2-[2-methoxy-4-nitriphenyl]-3-[4-nitrophenyl]-5-[2,4-disulfophenyl]-2H-5-
tetrazolium, Monosodium salt)ࡣࠊ⏕⣽⬊ෆࡢ࣑ࢺࢥࣥࢻࣜ࢔➼࡟Ꮡᅾࡍࡿ⬺Ỉ
⣲㓝⣲(dehydrogenase)࡟ࡼࡗ࡚ WST-8 Formazan ࡟㑏ඖࡉࢀࡿࠋ⏕⣽⬊ᩘ࡜
WST-8 Formazan ࡢ㔞ࡣ┤⥺ⓗ࡞ẚ౛㛵ಀ࡟࠶ࡿࡢ࡛ࠊWST-8 Formazan ࡢ྾
ගᗘ(λ=460nm)࠿ࡽࠊୗグࡢᘧ࡟ࡼࡾ⣽⬊ቑṪᢚไ⋡ࢆồࡵࡿࡇ࡜ࡀฟ᮶ࡿࠋ 
 
⣽⬊ቑṪᢚไ⋡(%) = [1㸫(Amean/Acontrol)] ×100  
Amean : DOX ࡀᏑᅾࡍࡿ᮲௳࡟࠾ࡅࡿWST-8 Formazan ࡢ྾ගᗘ 
Acontrol : DOX ࡀᏑᅾࡋ࡞࠸᮲௳࡟࠾ࡅࡿWST-8 Formazan ࡢ྾ගᗘ 
 






































 monolayer ᇵ㣴࡛ࡣࠊ⣽⬊ࢆ⣽⬊ᇵ㣴⏝࣐ࣝࢳࣉ࣮ࣞࢺ 96 well ࡟ 2000 
cell/well࡛᧛✀ࡋࠊCellbed®ᇵ㣴ࡣࠊCellbed® 96 well plate࡟ 5.0×104 cell/well
࡛᧛✀ࢆ⾜࠸ࠊ๓ᇵ㣴ࢆ⾜ࡗࡓࠋMonolayer ᇵ㣴ཬࡧ Cellbed®ᇵ㣴ࡢ๓ᇵ㣴
ࡣ࡜ࡶ࡟ 7᪥㛫ᇵ㣴࡜ࡋࡓࠋ๓ᇵ㣴ᚋࠊDOX(0.1 μM㹼100 μM)ཬࡧ 100 μM 
Verapamilࢆῧຍࡋࠊ48᫬㛫ฎ⌮ᚋࠊᇵ㣴ᇵᆅࡢ྾ᘬ㝖ཤࢆ⾜࠸ࠊ᪂㩭ᇵᆅ㸸
WST-8㸻180μL㸸20μL ࢆྛ well ࡬ῧຍࡋࠊ཯ᛂ᫬㛫 30 min ࡛ୖ⃈ࡳࢆ 100 
μL/wellᅇ཰ࡋࡓࠋᅇ཰ࡋࡓୖ⃈ࡳࢆ ᐃ⏝ࡢ✵ࡢ 96 well multi plate࡬⛣ࡋࠊ





Fig.2-7 WST-8 assay࡟࠾ࡅࡿ⣽⬊ᇵ㣴ࢫࢣࢪ࣮ࣗࣝ 
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2-2-9  HepG2⣽⬊࡟ᑐࡍࡿᢠࡀࢇ๣(Doxorubicin)ࡢ᤼ฟάᛶ ᐃἲ 
 
ձ⣽⬊ࡢᇵ㣴࡜⣽⬊ᩘࡢィ  
 ⣽⬊ࡢ᧛✀ࡣ 24 well plate࡟ࠊ3D (Cellbed)ᇵ㣴ࡢሙྜࡣ 3.0105 cells/ well 
(0.5 mL)࡛⾜࠸ࠊ7᪥㛫ᇵ㣴ࢆ⾜ࡗࡓࠋ⣽⬊᧛✀ᚋࠊᇵᆅ஺᥮ࡣ 2᪥࡟ 1ᅇ⾜
ࡗࡓࠋᇵ㣴 7᪥┠࡟ DOXࡢ᤼ฟάᛶ ᐃࢆ⾜࠸ࠊࡑࡢᚋ࡟WST-8 assay࡟ࡼ
ࡗ࡚ well࠶ࡓࡾࡢ⣽⬊ᩘࢆ⟬ฟࡋࡓࠋ 
WST-8 assay࡟ࡼࡿ⣽⬊ᩘࡢ⟬ฟ࡟࠶ࡓࡾࠊ஦๓࡟᳨㔞⥺ࢆస〇ࡋࡓࠋ᳨㔞





























 ᪤Ꮡࡢᇵᆅࢆ㝖ཤࡋࠊDOX 50 μMྵ᭷ᇵᆅ(90 % MEM: 10 % FBS, 1 % NEAA)
ࢆ 24 well plateࡢ 1 well࠶ࡓࡾ࡟ 500 μLࡎࡘῧຍࡋࠊ1 hr཯ᛂࢆ⾜ࡗࡓ(5 % 
CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ)ࠋ཯ᛂᚋࠊ5% CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮࠿ࡽ⣽⬊ࢆྲྀࡾ
ฟࡋ࡚ࠊPBS(-)࡛ᡭ᪩ࡃὙίࡋࡓࠋὙίᚋࠊVRP 100 μMྵ᭷ᇵᆅࢆྛ well࡟
600 μLῧຍࡋ࡚ࠊ30ศࡈ࡜࡟඲㔞(⣙ 600 μL)ᅇ཰ࡋࡓࠋ࡞࠾ࠊVRP 100 μMྵ





ࡾ Ex= 448 nmࠊEm= 562 nm࡛ࠊࡑࢀࡒࢀࡢࢧࣥࣉࣝࢆ 5ᅇ ᐃࡋࡓࠋࡲࡓࠊ
⺯ගࢆ ᐃࡍࡿ㝿࡟ MEM ᇵᆅࡢࣇ࢙ࣀ࣮ࣝࣞࢵࢻࡢⰍ⣲ࡢᙳ㡪ࡸ⣽⬊࠾ࡼ











 ᐇ㦂࡟౑⏝ࡋࡓ࣐࢘ࢫࡣࠊ㧗ᗘච␿୙඲࣐࢘ࢫ࡛࠶ࡿ NOD/ Scid/ Jak3-
KO(NOJ)࣐࢘ࢫࡢ㞤ࡢ 5㐌㱋ࢆ⏝࠸ࡓࠋNOJ࣐࢘ࢫࡣࠊNOD࣐࢘ࢫ࡟⏤᮶ࡍ
ࡿ࣐ࢡࣟࣇ࢓࣮ࢪ࡜ᶞ≧⣽⬊ࡢᶵ⬟␗ᖖ࡜⿵యḞዴࠊScid࣐࢘ࢫ⏤᮶ࡢᡂ⇍ T
⣽⬊࣭B ⣽⬊࣭NKT ⣽⬊ḞᦆࠊJak3 Ḟᦆ࣐࢘ࢫ⏤᮶ࡢ NK⣽⬊Ḟᦆࢆేࡏᣢ
ࡘ」ྜᆺࡢච␿୙඲ࢆ♧ࡍ 83, 84)ࠋ 














 ࢡ࣮࣮࣒ࣜࣥࣝෆ࡛ HepG2⣽⬊ࢆMEMᇵᆅ(10 % FBS, 1 % NEAAྵ᭷)࡛
ᚲせ⣽⬊ᩘ௨ୖ࡟㐩ࡍࡿࡼ࠺࡟ᇵ㣴ࡋࠊ⣽⬊ࢆᅇ཰࣭㐲ᚰᚋ࡟ PBS(-)࡛ᠱ⃮ࡋ
ࡓࠋᠱ⃮ᚋ⣽⬊ィᩘࢆ⾜࠸ࠊ⣽⬊ᐦᗘ 5.0107cells/ 100 μL࡟࡞ࡿࡼ࠺࡟⣽⬊
ᩘࢆㄪᩚࡋࡓࠋ⣽⬊ᩘࢆㄪᩚᚋࠊ࣐ࢺࣜࢤࣝ࡜ΰྜ(900 μL: 100 μL= ࣐ࢺࣜࢤ
ࣝ: ⣽⬊ᠱ⃮ᾮ(5.0107cells))ࡋࠊ㏿ࡸ࠿࡟ື≀ᐇ㦂Ჷෆࡢࢡ࣮࣮࣒ࣜࣥࣝ࡬
㐠ᦙࡋࡓ(ị୰ಖᏑ)ࠋࡇࡢ࡜ࡁࠊ࣐ࢺࣜࢤࣝ࡜⣽⬊ᠱ⃮ᾮࢆΰྜࡋࡓ⁐ᾮ୰ࡢ
⣽⬊ᩘࡣࠊ5.0107cells/ mL ࡜ࡋࡓࠋ 
 ᐇ㦂ື≀࡛࠶ࡿ NOJ ࣐࢘ࢫࡢᚋ⫼㒊ࢆࣂࣜ࢝ࣥ࡜㝖ẟ๣࡟࡚㝖ẟࡋࠊ࣐࢘
ࢫࡢྑᚋ⫼㒊࡟࣐ࢺࣜࢤࣝ࡜ΰྜࡋࡓ⣽⬊ᠱ⃮ᾮࢆ 1 ᳨య࠶ࡓࡾ 100 μL (5.0



















 ⣽⬊⛣᳜ᚋࠊ඲ 28᪥㛫ࡢ୰࡛ 7, 14, 21᪥┠࡟⸆๣ࡢᢞ୚ࢆ⾜ࡗࡓ(Fig. 2-10)ࠋ




DOXᢞ୚ࡢ⃰ᗘ࡟㛵ࡋ࡚ࡣࠊDOXᢞ୚ࡢࡳ࡛1, 3, 5 mg/kgࡢ᮲௳ࢆᐇ᪋ࡋࡓࠋ
࡞࠾ࠊVRP࠾ࡼࡧ DOXࡢᢞ୚⃰ᗘ࡟ࡘ࠸࡚ࡣᩥ⊩ࢆཧ⪃࡜ࡋࡓ 85-90)ࠋ 
 
Table 2-2 ⸆๣ᢞ୚ࡢ᮲௳ 
⩌ ᮲௳ i.p. i.v. 
1 ᮍ἞⒪⩌(Control) ⏕⌮㣗ሷỈ ⏕⌮㣗ሷỈ 
2 VRPᢞ୚⩌ VRP 25 mg/kg ⏕⌮㣗ሷỈ 
3 DOXᢞ୚⩌ ⏕⌮㣗ሷỈ DOX 1 mg/kg 






























2-2-12  In vitro࡜ in vivo࡟࠾ࡅࡿMDR1ࡢච␿ᰁⰍ 
 
  ࣐࣊ࢺ࢟ࢩ࣭࢚ࣜࣥ࢜ࢪࣥᰁⰍ(HEᰁⰍ)࡜MDR1ࡢච␿ᰁⰍࡣࠊ᪥ᮏࣂ࢖
࣮ࣜࣥᰴᘧ఍♫࡟౫㢗ࡋࡓࠋ3D ᇵ㣴ࡋࡓ⣽⬊ࢆྵࡴ Cellbed(ᇵ㣴ᮇ㛫ࡣ 9 ᪥










2-3-1 ஧ḟඖᇵ㣴࠾ࡼࡧ୕ḟඖᇵ㣴࡟࠾ࡅࡿ DOXࡢ IC50್ 
 
⫢ࡀࢇ⣽⬊(HepG2 ⣽⬊)࡟ᑐࡍࡿ DOX ࡢ IC50 ್ࢆ⟬ฟࡍࡿࡓࡵ࡟ࠊWST-8 
assayࢆ⾜ࡗࡓࠋ᮲௳ࡣࠊ஧ḟඖᇵ㣴(2Dᇵ㣴)࡜୕ḟඖᇵ㣴(3Dᇵ㣴, Cellbedᇵ
㣴)࡟࠾࠸࡚ࠊVRPࡢᏑᅾୗ(VRP㸩)࠾ࡼࡧ㠀Ꮡᅾୗ(VRP㸫)࡛ẚ㍑ࡋࠊ⟬ฟࡉࢀ
ࡓ IC50್ࢆ Table 2-3࡟♧ࡋࡓࠋ 
⤖ᯝ࡜ࡋ࡚ࠊVRPࡢ㠀Ꮡᅾୗ࡛ࡢ DOX࡟ᑐࡍࡿ IC50್ࡣࠊ2Dᇵ㣴࡛ 5.18 μM
࡛࠶ࡿ୍᪉࡛ 3D ᇵ㣴࡛ࡣ 55.7 μM ࢆ♧ࡋࡓࠋࡉࡽ࡟ࠊ3D ᇵ㣴࡟ࡼࡿ DOX ࡢ
IC50್ࡣࠊ᪤Ꮡࡢ⸆๣⪏ᛶඞ᭹⸆࡛࠶ࡿ VRP ࡢ⣽⬊ቑṪ࡟ᙳ㡪ࢆ୚࠼࡞࠸⃰ᗘ
(100 μM, Fig. 2-12)࡛ࡢฎ⌮࡟ࡼࡾ 1.0 μM࡟ῶᑡࡋࡓྠࠋ ᵝ࡟ࠊ2Dᇵ㣴࡛ࡶ VRP
㠀Ꮡᅾୗ࡛ IC50್ࡀ 0.6 μM࡟ῶᑡࡋࡓࡀࠊ3Dᇵ㣴࡛ࡣ 2Dᇵ㣴࡟ẚ࡭ࡑࡢ⌧㇟
ຠᯝࡀ㢧ⴭ࡛࠶ࡗࡓࠋࡇࢀࡽࡢ⤖ᯝࡣࠊHepG2⣽⬊࡟࠾࠸࡚ࠊMDR࡟౫Ꮡࡋࡓ
⸆๣⪏ᛶࡀ VRP࡟ࡼࡾඞ᭹ࡉࢀࡓࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ௨ୖࡢ⤖ᯝࡼࡾࠊࢩࣜ࢝











Fig. 2-12 VRPฎ⌮ࡀ⣽⬊ቑṪ࡟୚࠼ࡿᙳ㡪 
(A)2Dᇵ㣴ࡋࡓ㝿ࡢ VRP(-)ࡢ⏕⣽⬊ᩘࢆ 100 %࡜ࡋࡓሙྜࡢ┦ᑐ⣽⬊ᩘ (n=4) 
(B) 3Dᇵ㣴ࡋࡓ㝿ࡢ VRP(-)ࡢ⏕⣽⬊ᩘࢆ 100 %࡜ࡋࡓሙྜࡢ┦ᑐ⣽⬊ᩘ (n=4) 
 
  
Culture DOX IC50 (μM)
2D VRP (-) 5.18 ᶠ 1.76
2D VRP (+) 0.60 ᶠ 0.08
3D VRP (-) 55.7 㼼 3.87
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2-3-2  3Dᇵ㣴࡟ࡼࡿ DOXࡢ⣽⬊እ᤼ฟࡢ ᐃ 
 
 ࡇࢀࡲ࡛࡟ࠊඛ⾜◊✲࡜ࡋ࡚ 2D ᇵ㣴࡛ࡣ⸆๣⪏ᛶ࡟㛵୚ࡍࡿ MDR1 ࡢⓎ⌧
ࡀపࡃࠊ3Dᇵ㣴ࡍࡿࡇ࡜࡛ MDR1 ࡢⓎ⌧ࡀୖ᪼ࡍࡿࡇ࡜ࢆぢฟࡋ࡚࠸ࡿ 73,82)ࠋ
ࡑࡇ࡛ࠊḟ࡟୕ḟඖᇵ㣴(Cellbedᇵ㣴)࡟࠾ࡅࡿHepG2⣽⬊࠿ࡽࡢᢠࡀࢇ๣(DOX)
᤼ฟάᛶ࡟ᑐࡍࡿ⸆๣⪏ᛶඞ᭹⸆(VRP)ࡢຠᯝ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋ 
 DOX 50 μMࢆྵࡴᇵᆅ࡛ 1᫬㛫ᇵ㣴ࡋࠊࡑࡢᚋ࡟ VRPᏑᅾୗࡲࡓࡣ㠀Ꮡᅾୗ
࡛⤒᫬ⓗ࡞ DOX ࡢ᤼ฟάᛶࢆ ᐃࡋࡓ⤖ᯝࢆ Fig.2-13 ࡟♧ࡋࡓࠋ ᐃ㛤ጞ 30
ศᚋࡼࡾࠊVRPᏑᅾୗ࡛ࡣ DOXࡢ⣽⬊እ࡬ࡢ᤼ฟࡀ᫂ࡽ࠿࡟㜼ᐖࡉࢀࠊVRP㠀
Ꮡᅾୗ࡛ࡣ࡯ࡰ᫬㛫౫Ꮡⓗ࡟ DOXࡢ᤼ฟࡀቑຍࡋ࡚࠸ࡓࠋ 
ࡇࢀࡽࡢ⤖ᯝࡀ♧ࡍࡇ࡜ࡣࠊVRP Ꮡᅾୗ࡛ࡢ Cellbed ࢆ⏝࠸ࡓ 3D ᇵ㣴࡛ࡣࠊ




Fig.2-13 VRPฎ⌮ࡀ HepG2⣽⬊ࡢ DOX᤼ฟάᛶ࡟୚࠼ࡿᙳ㡪 



































2-3-3  ⫢ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢస〇 
 
HepG2 ⣽⬊ࢆ NOJ ࣐࢘ࢫ࡟ 500106 cells/body࡛⓶ୗ⛣᳜ࢆ⾜࠸ࠊయ㔜ኚ
໬(Fig.2-14)࡜⭘⒆య✚ࡢኚ໬(Fig.2-15)ࢆグ㘓ࡋࡓࠋ⓶ୗ⛣᳜ࢆ⾜࠸ࠊ7᪥㛫ࡣ
⛣᳜ࡋࡓ⟠ᡤ࡛⭘⒆ࡣᐃ╔ࡋ࡚࠾ࡽࡎࠊ⭘⒆ࡢ㢧ⴭ࡞య✚ቑຍࡣㄆࡵࡽࢀ࡞࠿
































































































2-3-4  ⫢ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟࠾ࡅࡿ DOXᢞ୚⃰ᗘࡢ᮲௳タᐃ 
 
HepG2 ⣽⬊ࢆ NOJ ࣐࢘ࢫ࡟⓶ୗ⛣᳜ࡋࡓᚋࡢయ㔜ኚ໬ࢆ Fig. 2-18 ࡟♧ࡋ
ࡓࠋࡲࡓࠊ⓶ୗ⛣᳜ࢆ⾜ࡗ࡚࠸࡞࠸ Normalࡢ᮲௳(㐌 1ࡢ⏕⌮㣗ሷỈࡢᑿ㟼⬦
ὀᑕࡣ⾜ࡗࡓ)ࡶ Fig.2-18ࡢ⣸Ⰽࡢ⥺࡛♧ࡋࡓࠋయ㔜ኚ໬ࡣࠊControl࡜ DOX 1 
mg/kgࡢ᮲௳࡛ࡣ࡯ࡰྠࡌయ㔜᥎⛣࡜࡞ࡗ࡚࠾ࡾࠊᦤ㣗ᦤỈ㞀ᐖࡶぢࡽࢀ࡞࠿
ࡗࡓࠋ୍᪉࡛ࠊDOX 3 mg/kg࠾ࡼࡧ DOX 5 mg/kg࡛ࡣ DOXᢞ୚ᚋ࡟㢧ⴭ࡞య
㔜ῶᑡࡀ☜ㄆࡉࢀࠊ᭷ពᕪ᳨ᐃ(T᳨ᐃ, ୧ഃ᳨ᐃ)ࢆ⾜ࡗࡓ࡜ࡇࢁࠕControl vs. 
DOX 3mg/kg࡛ࠖࡣ⣽⬊⛣᳜ᚋ 20᪥┠௨㝆ࡢ୍㒊(20 days, 22~26 days)࡛᭷ពᕪ





♧ࡋࡓࠋ⓶ୗ⛣᳜ᚋ 28᪥┠࡟࠾࠸࡚ࠊ⭘⒆య✚ࡢᖹᆒࡣ Control㸼DOX 1mg/kg
㸼DOX 3mg/kg㸼DOX 5mg/kgࠊ࡜࡞ࡗ࡚࠾ࡾࠊDOXࡢ⃰ᗘ౫Ꮡⓗ࡟⭘⒆య✚
ࡢቑຍࢆᢚไࡋ࡚࠸ࡓࠋࡲࡓࠊControl࡜ྛ DOX⃰ᗘ࡛ࡢ᭷ពᕪ᳨ᐃ(T᳨ᐃ, 
୧ഃ᳨ᐃ)ࢆ⾜ࡗࡓ࡜ࡇࢁࠊࠕControl vs. DOX 1 mg/kgࠖ࠾ࡼࡧࠕControl vs. DOX 
3 mg/kg࡛ࠖ ࡣ⛣᳜ᚋ 28᪥┠ࡲ࡛᭷ព࡞ᕪࡀぢࡽࢀ࡞࠿ࡗࡓ୍ࠋ ᪉࡛ࠊࠕControl 
vs. DOX 5 mg/kgࠖ࡟࠾࠸࡚ࠊ⛣᳜ᚋ 17᪥┠௨㝆࡛᭷ព࡞ᕪࡀぢࡽࢀࠊDOX༢
య࡛㢧ⴭ࡞⭘⒆య✚ࡢቑຍࢆᢚไࡋ࡚࠸ࡓࠋࡲࡓࠊDOX 5mg/kgࡢ᮲௳ࡣ⣽⬊
⛣᳜ᚋ 23᪥┠࡟⾶ᙅṚࡋ࡚࠸ࡓࡓࡵࠊ௨㝆ࡣ n=2࡛♧ࡋ࡚࠸ࡿࠋ 
ḟ࡟ࠊ⣽⬊⛣᳜ 28᪥┠࡟᦬ฟࢆ⾜ࡗࡓ⭘⒆ࢆ Fig.2-20࡟♧ࡋࠊࡑࢀࡽࡢ㔜
㔞ࡢᖹᆒ್ࢆ Fig.2-21 ࡟♧ࡋࡓࠋ⭘⒆㔜㔞ࡢᖹᆒࢆ Control(DOX ᮍᢞ୚)࡜
DOX ᢞ୚⩌࡛ẚ㍑ࡍࡿࡓࡵࠊ᭷ពᕪ᳨ᐃ(T ᳨ᐃ, ୧ഃ᳨ᐃ)ࢆ⾜ࡗࡓ⤖ᯝࠊ
ࠕControl vs. DOX 3mg/kgࠖ࠾ࡼࡧࠕControl vs. DOX 5mg/kg࡛ࠖ᭷ព࡞ᕪࡀ࠶











































Day after transplantation (day)
Control (n=4)
DOX 1 mg / kg (n=3)
DOX 3 mg / kg (n=4)






















Day after transplantation (day)
Control (n=4)
DOX 1mg /kg (n=3)
DOX 3mg /kg (n=4)







































* p < 0.05 vs. Control
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2-3-5 ᢸࡀࢇࣔࢹ࣐ࣝ࢘ࢫ࡟࠾ࡅࡿ DOXࡢᢠ⭘⒆άᛶホ౯ 
࠾ࡼࡧ VRPే⏝࡟ࡼࡿ⸆๣⪏ᛶඞ᭹ࡢホ౯ 
 






ኚ໬ࢆ Fig.2-23࡟♧ࡋࡓࠋControlࡢᖹᆒ⭘⒆య✚ࡣ 1564.9±370.5 mm3࡛࠶ࡾࠊ
























Dose: VRP 25 mg/kg, DOX 1 mg/kg 
⸆๣ࡢᢞ୚᪥ࢆ㉥▮༳࡛♧ࡋࡓ 















Time after HepG2 inoculation (day) 
Control (n=9, ± S.D.)
VRP (n=7, ± S.D.)
DOX (n=7, ± S.D.)


















Time after HepG2 inoculation (day)
Control (n=9, ± S.D.)
VRP (n=7, ± S.D.)
DOX (n=7, ± S.D.)










Dose: VRP 25 mg/kg, DOX 1 mg/kg 
*p < 0.05 (vs. Control) 
  



















2-3-6  In vitro࡜ in vivo࡟࠾ࡅࡿMDR1Ⓨ⌧ࡢẚ㍑ 
 
 ච␿⤌⧊ᰁⰍ࡟ࡼࡾࠊin vitro(3Dᇵ㣴; Cellbedᇵ㣴)࡜ in vivo(⭘⒆)࡟࠾ࡅࡿ
MDR1 ࡢⓎ⌧࡟ࡘ࠸࡚ホ౯ࢆ⾜࠸ࠊ⤖ᯝࢆ Fig.2-26 ࡟♧ࡋࡓࠋ࣐࣊ࢺ࢟ࢩࣜ
࣭࢚ࣥ࢜ࢪࣥᰁⰍ(HE ᰁⰍ)ࡢ⤖ᯝࡼࡾࠊ୧ࢧࣥࣉࣝ୰ࡢ⣽⬊ࡣ⏕Ꮡࡋ࡚࠸ࡿ













Fig.2-26  In vitro࡜ in vivo࡟࠾ࡅࡿMDR1Ⓨ⌧ࡢẚ㍑ 
A, E: HEᰁⰍ 
B, F: Isootype IgG 
C, G: MDR1ࡢච␿ᰁⰍ 











































































































































࡟㛵ࡋ࡚ㄽࡌࡓࡶࡢ࡛࠶ࡿࠋ୕ḟඖᇵ㣴ᢸయ Cellbed ࢆ⏝࠸ࡓ 3Dᇵ㣴࡟ࡼࡿ
in vitro ࢔ࢵࢭ࢖⣔ࡀࠊin vivo ࡛㉳ࡇࡿ⸆๣⪏ᛶ⌧㇟࡜⸆๣⪏ᛶඞ᭹⌧㇟ࢆ෌
⌧ࡋᚓࡿ࠿᪤▱ࡢ⸆๣ࢆ⏝࠸᳨࡚ドࡋࠊ௨ୗ࡟ෆᐜࢆࡲ࡜ࡵࡓࠋ 
 








3. ᪤Ꮡࡢ MDR1 㜼ᐖ⸆࡛࠶ࡿ VRP ฎ⌮ࢆࡍࡿࡇ࡜࡛ࠊDOX ࡢ IC50್ࡢప
ୗ࡜ DOX ࡢ᤼ฟάᛶࡀᢚไࡉࢀࡓࡓࡵࠊ3Dᇵ㣴࡟ࡼࡾ㉳ࡁࡓ㧗࠸ DOX 
ࡢ IC50್ࡣࠊ⸆๣⪏ᛶඞ᭹⌧㇟ࡢ⤖ᯝ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋ 
 




















࡚ࠊࡑࡢ⣽⬊࣮࣋ࢫࡢࢫࢡ࣮ࣜࢽࣥࢢ࡛ࡣࠊࡼࡾ⡆౽࡞᪉ἲ࡛ in vivo ࢆ෌⌧
ྍ⬟࡞࢔ࢵࢭ࢖⣔ࡀồࡵࡽࢀࡿࠋࡑࡢࡓࡵࠊ௒ᅇᐇ᪋ࡋࡓࢩࣜ࢝⣔ࢼࣀࣇ࢓࢖
ࣂ࣮࡛࠶ࡿ Cellbedࡣࠊ⣽⬊✚ᒙᆺࡢ 3Dᇵ㣴ࢆ⾜ࡗ࡚ᐜ᫆࡟ᒙࡢཌࡳࢆᆒ୍
࡟ไᚚ࡛ࡁࠊin vivo ࡛㉳ࡇࡿ MDR1 ࡟౫Ꮡࡋࡓ⸆๣⪏ᛶࢆ෌⌧࡛ࡁࡿࡇ࡜ࡀ
ุ᫂ࡋࡓࡓࡵࠊ௒ᚋࠊࡀࢇࢆඞ᭹ࡍࡿࡓࡵࡢ⸆๣⪏ᛶඞ᭹⸆ࡢ㛤Ⓨ࡟࠾࠸࡚᭷















































































































ն EpCAM (CD326) 
EpCAMࡣୖ⓶⣽⬊᥋╔ศᏊ(Epithelial cell adhesion molecule)࡛࠶ࡾࠊCD326
࡜ࡋ࡚ࡶ▱ࡽࢀ࡚࠸ࡿࠋEpCAMࡣୖ⓶⣔ࡢ⣽⬊࡟Ⓨ⌧ࡀぢࡽࢀࡿࡀࠊ๓㥑
⣽⬊࠾ࡼࡧᖿ⣽⬊࡛≉࡟Ⓨ⌧ࡀ㧗࠸࡜ࡉࢀ࡚࠸ࡿࠋ⫢⮚࡛ࡣࠊ⫾ඣᮇࡢ⫢⮚









































 HepG2 ⣽⬊ࡢᇵ㣴ࡣࠊ࿴ග⣧⸆ᰴᘧ఍♫ࡼࡾ㉎ධࡋࡓ DMEM(Dulbecco's 
Modified Eagle Medium)࡟࣌ࢽࢩࣜࣥ̿ࢫࢺࣞࣉࢺ࣐࢖ࢩࣥ⁐ᾮ(100)ࢆ↓⳦
᧯సୗ࡟࡚ῧຍࡋࠊ30ศ㛫᧠ᢾࡋࡓࡶࡢࢆ౑⏝ࡋࡓࠋᐇ㝿ࡢᇵ㣴࡛ࡣࠊMEM











 DMEM(Dulbecco's Modified Eagle Medium) ࿴ග⣧⸆ᰴᘧ఍♫ 
 ࣌ࢽࢩࣜࣥ̿ࢫࢺࣞࣉࢺ࣐࢖ࢩࣥ⁐ᾮ(100) ࿴ග⣧⸆ᰴᘧ఍♫ 
 Fetal Bovine Serum (FBS) Hyclone 
 
ղࣁ࢖ࣈࣜࢵࢻ࣏ࣜࢯ࣮࣒ (HL)࠾ࡼࡧ⺯ග⬡㉁ྵ᭷ HL 
 ࣜࣥ⬡㉁ 
L-α-dimyristoylphosphatidylcholine (DMPC)  ᪥ᮏἜ⬡ 
௨ୗ࡟ᵓ㐀ᘧࢆ♧ࡋࡓࠋ 
⏺㠃άᛶ๣ 






1-palmitoyl-2-{12-[(7-nitro-2-1, 3-benzoxadiazol-4-yl) amino] dodecanoyl}-sn- 















Bovine Serum Albumin (BSA) SIGMA 
ࣁࣥࢡࢫᖹ⾮ሷ⁐ᾮ(Ca, Mg, ࣇ࢙ࣀ࣮ࣝࣞࢵࢻ୙ྵ, HBSS) ࢼ࢝ࣛ࢖ࢸࢫࢡ 
FcR Blocking Regent, human Milteny Biotec 
Anti-human EpCAM-FITC antibody Milteny Biotec 
Anti-human CD133-PE antibody Milteny Biotec 
Anti-human CD133-PE-Vio770 antibody Milteny Biotec 
Anti-human mouse IgG1-FITC antibody Milteny Biotec 
Anti-human mouse IgG2b-PE antibody Milteny Biotec 
Anti-human mouse IgG2b-PE-Vio770 antibody Milteny Biotec 
 
յ㌾ᐮኳᇵᆅ 
DifcoTM Agar Noble ࿴ග⣧⸆ᰴᘧ఍♫ 













ࢸࢫࢺࢳ࣮ࣗࣈ Beckman Coulter 
࢖ࣥࢼ࣮࢟ࣕࢵࣉ Beckman Coulter 














3-2-3 HL࠾ࡼࡧ HL/NBDPCࡢㄪ〇 
 
1) HLࡢㄪ〇᪉ἲ 
HLࡣ࣋ࢩࢡࣝศᏊ࡟ 90 mol%ࡢ L-α-dimyristoylphosphatidylcholine (DMPC)ࠊ
࣑ࢭࣝศᏊ࡟ 10 mol%ࡢ C12(EO)23ࢆ⛗㔞ࡋࠊ5%ࢢࣝࢥ࣮ࢫ⁐ᾮ࡟⁐ゎࡉࡏࠊ
㉸㡢Ἴ↷ᑕ(45℃ࠊ300Wࠊ1 min/mL)ࢆ⾜ࡗࡓ(Fig.3-2)ࠋ㉸㡢Ἴฎ⌮ᚋࠊ0.20 μm



















2)⺯ග⬡㉁ྵ᭷ HL (HL/NBDPC)ࡢㄪ〇ἲ 
 ࣋ࢩࢡࣝศᏊࡣ L-α-dimyristoylphosphatidylcholine (DMPC)ࠊ࣑ࢭࣝศᏊࡣ
C12(EO)23ࠊ⺯ග⬡㉁࡜ࡋ࡚ࡣ 1-palmitoyl-2-{12-[(7-nitro-2-1,3-benzoxadiazol-4-
yl)amino]dodecanoyl}-sn-glycero-3-phosphocholine (NBDPC)ࢆࡑࢀࡒࢀ 89 mol%: 
10 mol%: 1 mol%࡟࡞ࡿࡼ࠺࡟⛗㔞ࡋࠊ5 %ࢢࣝࢥ࣮ࢫ⁐ᾮ୰࡛㉸㡢Ἴ↷ᑕࡋࠊ































3-2-6 DOXฎ⌮࠾ࡼࡧ HLฎ⌮ࡢࣉࣟࢺࢥࣝ 
 
1) ⫢ࡀࢇ⣽⬊(HepG2⣽⬊)ࡢᇵ㣴 
HepG2⣽⬊ࡣࠊ100 mm dish࡬ 2.0×104 cells/mLࡢ᧛✀ᐦᗘ࡛ᇵᆅ㔞 10 mL
࡛᧛✀ࡋࡓࠋ᧛✀ᚋࠊ37 ℃࣭5 % CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 48᫬㛫ᇵ㣴ࡋࠊ








Fig. 3-4 HepG2⣽⬊࡟࠾ࡅࡿ DOX࠾ࡼࡧ HLฎ⌮ࡢࣉࣟࢺࢥࣝ 
  
ᇵ㣴





















50, 100, 150, 200 μM
※1: DOXฎ⌮⃰ᗘ





Hc⣽⬊ࡣࠊ24 well plate࡬ 5.0×103 cells/wellࡢ᧛✀ᐦᗘ࡛ᇵᆅ㔞 500 μL࡛
᧛✀ࡋࡓࠋ᧛✀ᚋࠊ37 ℃࣭5 % CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 48᫬㛫ᇵ㣴ࡋࠊࡑ





















50, 100, 150, 200 μM
※1: DOXฎ⌮⃰ᗘ





1) ࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮ࡢཎ⌮ 99-101) 
 
ࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮(Flow Cytometer)ࡣࠊFCMゎᯒࢆ⾜࠺㝿࡟౑⏝ࡍࡿ⣽⬊
ゎᯒ⿦⨨࡛࠶ࡿࠋFCMゎᯒ࡛ࡣࠊ⣽⬊ 1ಶ 1ಶࡀᾋ࠸࡚࠸ࡿ≧ែ࡛ 1ಶ 1ಶ
࡟࣮ࣞࢨ࣮ගࢆ↷ᑕࡋ࡚ᚓࡽࢀࡿ⺯ගᙉᗘࢆ᳨ฟࡋศᯒࡍࡿᡭἲ࡛࠶ࡿࠋ⣽⬊



























Fig. 3-6 FSC࡜ SSCࡢཎ⌮࠾ࡼࡧࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮ࡢᶍᘧᅗ 
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2) ⫢ࡀࢇᖿ⣽⬊(CD133+/EpCAM+)ྠᐃࡢࡓࡵࡢච␿ᰁⰍ࡜ FCMゎᯒ 
 
 DOX࠾ࡼࡧ HLฎ⌮ࡋࡓ⣽⬊ࢆᅇ཰ࡋࠊ1.0 106 cells࡟⣽⬊ᩘࢆㄪᩚࡋ࡚
0.5 % BSA/HBSS࡟෌ᠱ⃮(1 mL)ࡋࡓࠋ㧗㏿෭༷㐲ᚰᶵࢆ⏝࠸࡚ 3000 rpm, 4 min, 
4℃࡛㐲ᚰࡋ࡚ୖΎࡢ㝖ཤᚋࠊ0.5 % BSA/HBSSࢆ 90 μL࡛ᠱ⃮ࡋࠊFcR Blocking
⁐ᾮࢆ 10 μLῧຍࡋ࡚ịୖ(4℃)࡛ 10 min཯ᛂࡉࡏࡓࠋBlockingࡢᚋ࡟ࠊ⺯ග
≀㉁ࢥࣥࢪࣗࢤ࣮ࢺࣔࣀࢡ࣮ࣟࢼࣝᢠయ(ᢠཎ: EpCAM࠾ࡼࡧ CD133)ࢆ 10μL
ῧຍࡋ࡚ịୖ(4℃)࡛ 10 min ཯ᛂࡉࡏࡓࠋᢠయ཯ᛂᚋࠊ0.5 % BSA/HBSS ࢆ 1 
mLຍ࠼࡚ࠊྠᵝ࡟㐲ᚰࠊୖΎࡢ㝖ཤࢆ⾜ࡗࡓࠋ෌ᗘ 0.5 % BSA/HBSS࡛ 1 mL
࡟࡞ࡿࡼ࠺࡟ᠱ⃮ࡋࠊࢼ࢖࣓ࣟࣥࢵࢩࣗ(40 μmᏍ)ࢆ㏻ࡋ࡚ࢸࢫࢺࢳ࣮ࣗࣈ࡟
⛣ࡋࡓᚋ࡟ CytoFLEX(488 nm࣮ࣞࢨ࣮)࡟ࡼࡾ FCMゎᯒࢆ⾜ࡗࡓࠋ 
 ࡲࡓࠊᢠయᰁⰍࢆ⾜࠺㐣⛬࡛ Isotypeᢠయࢆ⏝࠸ࠊIsotypeᢠయࡀ 0.1 %ᮍ‶
࡜࡞ࡿ㡿ᇦࢆタᐃࡋࡓࠋࡉࡽ࡟ࠊ ᐃࡍࡿ㝿࡟஧㔜ᰁⰍࢆ⾜ࡗࡓࡓࡵࠊ⺯ග⿵
ṇࢆ⾜ࡗࡓࠋ⺯ග⿵ṇ(ࢥࣥ࣌ࣥࢭ࣮ࢩࣙࣥ)ࡣࠊ㏆᥋ࡍࡿ 2ࡘࡢ᳨ฟἼ㛗㡿ᇦ






3) HepG2⣽⬊୰࡟࠾ࡅࡿ CD133/EpCAM࡜ HL/NBDPCࡢ୕㔜ᰁⰍཬࡧ FCMゎ
ᯒ 
 
 HepG2⣽⬊ࢆ 100 mm dish࡬᧛✀(2.0 105 cells/ dish)ࡋࠊ37 ℃࣭5 % CO2࢖
࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 48᫬㛫ᇵ㣴ࡋࡓࠋᇵ㣴ᚋࠊㄪ〇ࡋࡓ HL/NBDPCࡢ᭱⤊⃰
ᗘࢆྛ᮲௳(25㹼200 μM)࡟ྜࢃࡏ࡚ DMEM (10 % FBS ྵ᭷)ᇵᆅ࡟ῧຍࡋࠊ
37 ℃࣭5 % CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 1᫬㛫཯ᛂࡉࡏࡓࠋࡲࡓࠊHL/ NBDPC
ࢆฎ⌮ࡋ࡞࠸᮲௳࡟㛵ࡋ࡚ࡣྠࠊ 㔞ࡢ 5 %ࢢࣝࢥ࣮ࢫ⁐ᾮࢆῧຍࡋ࡚ྠᵝ࡟཯
ᛂࡉࡏࡓࠋࡑࡢᚋࠊ⣽⬊ࢆᅇ཰ࡋࠊ3-2-9࡜ྠᵝࡢࣉࣟࢺࢥ࡛ࣝ ᐃࡋࡓࠋ 
  ᐃࡢ㝿࡟ࡣࠊHL/NBDPCࡢ᳨ฟ(HLࡢ⵳✚㔞)ࢆ FITCࣇ࢕ࣝࢱ࣮ࠊCD133
ࢆ PEࣇ࢕ࣝࢱ࣮ࠊEpCAMࢆ PC7ࣇ࢕ࣝࢱ᳨࣮࡛ฟࡋ࡚ 3㔜ᰁⰍࢆ⾜ࡗࡓࠋ
ࡲࡓࠊᢠయᰁⰍࢆ⾜࠺㐣⛬࡛ Isotypeᢠయࢆ⏝࠸ࠊIsotype ᢠయࡀ 0.1 %ᮍ‶࡜
࡞ࡿ㡿ᇦࢆタᐃࡋࡓࠋࡉࡽ࡟ࠊ୕㔜ᰁⰍࢆ⾜࠺ࡓࡵࠊFITC, PE, PC7ࡢ⺯ග᳨
ฟἼ㛗㡿ᇦ࡛⺯ග⿵ṇࢆ⾜ࡗࡓࠋ 
 ゎᯒ࡛ࡣࠊⅰ: CD133(+)/ EpCAM(+)ࠊⅱ: CD133(+)/ EpCAM(-)ࠊⅲ:CD133(-)/ 
EpCAM(-)ࠊⅳ: CD133(-)/ EpCAM(+)ࡢ 4ࡘࡢ༊⏬࡟࠾࠸࡚ࠊHL/NBDPCࡢ⵳✚
ࡢ๭ྜ࡟ࡘ࠸࡚ẚ㍑ࡋࠊ࡝ࡢ᮲௳ࡀࡼࡾ HLࡀ⵳✚ࡍࡿ࠿᳨ウࡋࡓ(Fig.3-7)ࠋ 
 
Fig.3-7 HL/NBDPC࡜ CD133࠾ࡼࡧ EpCAMࡢ 3㔜ᰁⰍࡢᕤ⛬ 
Treatment in 37 ℃ 5 % CO2 incubator 
for 1 hour
DMPC
NBDPC …Detected on FITC channel
C12(EO)23
The cells recovered from culture dish
Cancer stem cells marker staining
䞉CD133 … Detected on PE channel





























 Caspase(Cysteine aspartic acid protease)ࡣࠊ୍⯡ⓗ࡟ࣉࣟࢸ࢔࣮ࢮάᛶࢆ᭷ࡋ
࡞࠸๓㥑య(pro-caspase)࡜ࡋ࡚⣽⬊ෆ࡟Ꮡᅾࡋࠊ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟ࡼࡿ่⃭
ࢆཷࡅࡓ㝿࡟άᛶ໬ࡉࢀࡿࠋCaspaseࡢ✀㢮ࡣ࠸ࡃࡘ࠿Ꮡᅾࡋ࡚࠾ࡾࠊCaspase-
2, 3, 6, 7, 8, 9, 10, 12ࡀ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟㛵୚ࡋ࡚࠸ࡿ࡜ࡉࢀ࡚࠸ࡿࠋ௒ᅇ 






HepG2⣽⬊ࢆ 100 mm dish࡬᧛✀(2.0 105 cells/ dish)ࡋࠊ48᫬㛫ᇵ㣴ࡋࡓࠋ
ࡑࡢᚋ࡟ࠊHLฎ⌮ࢆ 24࠾ࡼࡧ 48᫬㛫࡛ 50, 100, 150, 200 μM࡛ฎ⌮ࡋࠊᇵᆅ
ୖΎࡈ࡜⣽⬊ࢆᅇ཰ࡋࡓࠋ3000 rpm, 3 min࡛㐲ᚰᚋࠊୖΎࢆ㝖ཤࡋ࡚⣽⬊ᩘࢆ
1106 cells࡟ㄪᩚࡋ࡚ࠊCellEvent® Caspase3/7 Green Detection Reagentࢆῧຍ
ࡋࡓࠋᰁⰍࡣ㐽ග࣭37℃࣭30 min࡛⾜࠸ࠊὙίࡋࡓᚋ࡟ FITCࢳࣕࢿࣝ(525/40 






DEVD peptide DEVD peptide
Nonfluorescent
DNA










3-2-9 ⭘⒆ཎᛶホ౯ἲ(㌾ᐮኳࢥࣟࢽ࣮ᙧᡂἲ) 102) 
 
1) ཎ⌮ 
㌾ᐮኳࢥࣟࢽ࣮ᙧᡂἲ(Soft agar colony formation assay)ࡣࠊ⣽⬊ࡢ㊊ሙ㠀౫Ꮡ
ᛶࡢቑṪ⬟࡟╔┠ࡋࠊ㊊ሙࡀᏑᅾࡋ࡞࠸㌾ᐮኳᇵᆅ୰࡛⣽⬊ࡢᇵ㣴ࢆ⾜࠸ࠊ᧛
✀ࡋࡓ⣽⬊࡟㊊ሙ㠀౫ᏑᛶࡢቑṪࡀྍ⬟࡛࠶ࡿ࠿࡝࠺࠿ࠊࡘࡲࡾ⭘⒆ࢆసࡾ᫆

























ձ㌾ᐮኳᇵ㣴⏝ 2ಸ⃰⦰ DMEMࡢㄪ〇ἲ 
㉸⣧Ỉ 450 mL࡟ DMEMࢆ 1⿄(12 g)ຍ࠼ࠊPenicillin 58.8mgࠊStreptomycin 






HepG2⣽⬊⏝ࡢ⃰⦰ᇵᆅࡣࠊ౑⏝┤๓࡟ࠊ2ಸ⃰⦰ DMEM࡜ FBS ࡀ 4:1ࡢ
๭ྜ࡟࡞ࡿࡼ࠺࡟ㄪ〇ࡋ⏝࠸ࡓࠋ 
 
ճ1 %(w/v) Agar⁐ᾮ 
10 mL ࡢ 1 %(w/v) Agar ⁐ᾮࢆㄪ〇ࡍࡿሙྜࠊ㉸⣧Ỉ 10 mL ࡟ 100 mg ࡢ





մ0.5 % Agarྵ᭷ᇵᆅࡢㄪ〇 





 ⣽⬊ᠱ⃮ᾮ࡜ 0.5 % Agar ᇵᆅࡢẚ⋡ࡀ 1:2 ࡛ΰࡐ࡚ㄪ〇ࡋࡓ(⣽⬊ᠱ⃮
ᾮ:0.5㸣Agarᇵᆅ㸻1:2)ࠋ⣽⬊ࡢᐦᗘࡣࠊ⣽⬊ᠱ⃮ᾮࢆ 1.8×104 cells/300 μL࡟
ㄪᩚࡋࠊ0.5 % Agarྵ᭷ᇵᆅࢆ 600 μLຍ࠼ࠊ᭱⤊ⓗ࡟ 1.8×104 cells/900 μLࡢ
0.33 % Agarྵ᭷⣽⬊ᠱ⃮ᾮ࡜ࡋࡓࠋ 
 
յ5 μM Calcein-AM⁐ᾮ 
Calcein-AM solution(MW:994.86ࠊ1 mg/mL)ࡢ⃰ᗘࢆ 5 μM࡟ㄪᩚࡍࡿࡓࡵࠊ







48 well plate࡟ 0.5 % Agarྵ᭷ᇵᆅࢆ 350 μLῧຍࡋࠊBase Agar࡜ࡋ࡚ᅛ໬
ࡉࡏࡓࠋࡑࡢᚋࠊTop Agar࡜ࡋ࡚ 0.33%Agarྵ᭷⣽⬊ᠱ⃮ᾮࢆ 50 μLࡎࡘ㔜ᒙ
ࡉࡏࠊ1000 cells/ well࡛⣽⬊ࡢ᧛✀ࢆ⾜࠸ࠊ37Υ࣭5 % CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮
ෆ࡛ 9᪥㛫ᇵ㣴ࡋࡓ(Fig.3-10)ࠋ9᪥㛫ࡢᇵ㣴ᚋࠊTop Agar୰ࡢ⏕ᏑࡋࡓቑṪᛶ
ࡢ࠶ࡿࢥࣟࢽ࣮ࢆ 5 μM Calcein-AM⁐ᾮ࡛ᰁⰍࡋ࡚ࠊᐮኳᇵᆅ୰ࡢࢥࣟࢽ࣮ࢆ
⺯ග㢧ᚤ㙾࡛ほᐹ࠾ࡼࡧ෗┿ࢆ᧜ᙳࡋࡓࠋᐮኳᇵᆅ୰ࡢࢥࣟࢽ࣮ࡣࠊimageJࢯ
ࣇࢺ࢙࢘࢔ࢆ⏝࠸࡚෗┿࠿ࡽゎᯒࡋࡓ(ヲ⣽ࡣᚋ㏙)ࠋࡲࡓࠊࡑࡢ㝿ࡢࢥࣟࢽ࣮




Fig.3-10 48 well plate࡬ࡢ㌾ᐮኳ᧛✀ 
 
  


























































































3. ࣓ࢽ࣮ࣗࣂ࣮ࡢ୰ࡢ Analyzeࢆ㑅ᢥࡍࡿࠋ 
4. Analyze࣓ࢽ࣮ࣗࡢ୍ぴࡢ 1 ␒ୖࡢ Measure ࢆ㑅ᢥࡍࡿࡇ࡜࡛ࠊResultsࡀ
ู࢘࢕ࣥࢻ࢘࡟⾲♧ࡉࢀࡿࠋ 
5. Resultsࡢ୰ࡢ Lengthࡼࡾࠊࡇࡢᩘ್(㊥㞳)ࢆ 1mm࡜ᐃ⩏ࡍࡿᚲせࡀ࠶ࡿࠋ 
 
6. ෌ᗘࠊAnalyze࣓ࢽ࣮ࣗࢆ㛤ࡁୖ࠿ࡽ 7␒┠ࡢ Set Scaleࢆ㑅ᢥࡍࡿࠋ 
7. Set Scaleࡢྛ㡯┠ࢆኚ᭦ࡍࡿࠋ㸦ୗᅗཧ↷㸧 
 
8. ௨ୖ࡛㛗ࡉࡢタᐃࡀ᏶஢ࡋࠊResults ࡢ⏬㠃࡛ࡣࠊLength ࡛ࡣ mm ⾲グࠊ
Area࡛ࡣ mm2⾲グ࡜࡞ࡿࠋ 













1. ࣓ࢽ࣮ࣗࣂ࣮ࡢ Imageࢆ㑅ᢥࡋࠊୖ࠿ࡽ 2␒┠ࡢ Adjust ࡢ୰ࡢୖ࠿ࡽ 4
␒┠ࡢ Thresholdࢆ㛤ࡃࠋ 
2. Threshold Colorࢆ㛤ࡃ࡜ࢧࣥࣉࣝ⏬ീࡢࢥࣟࢽ࣮ࡀᰁࡲࡿࠋ 
ͤ⏬ീୖ࡛ࡣ㉥Ⰽ࡟ᰁࡲࡿ  






















4. ู࢘࢕ࣥࢻ࢘࡟⾲♧ࡉࢀࡓ Results ࡢ࣓ࢽ࣮ࣗࣂ࣮࡟࠶ࡿ Results ࢆ㑅ᢥ
ࡍࡿࠋ 
5. ୖ࠿ࡽ 2␒┠ࡢ Summarizeࢆ㑅ᢥࡍࡿ࡜ࠊResultsࡢ࢘࢕ࣥࢻ࢘࡟ 
Mean (୰㛫್)ࠊSD (ᶆ‽೫ᕪ)ࠊMin (᭱ᑠ್)ࠊMax (᭱኱್)ࡀ⾲♧ࡉࢀ
ࡿࠋ 
6. ୖ࠿ࡽ 3 ␒┠ࡢ Distribution ࢆ㑅ᢥࡋࠊู࢘࢕ࣥࢻ࢘㛤࠸ࡓࡽ Parameter
ࡀ Area࡟ࡋ࡚ OKࢆᢲࡍࠋ 












ࡓࡣ HLࡢᙳ㡪࡟ࡘ࠸࡚ Fig.3-12࡟♧ࡋࡓࠋFig.3-12A࠾ࡼࡧ Fig.3-12B࡟♧ࡍ
ࡼ࠺࡟ DOX ฎ⌮ࢆࡋࡓሙྜࠊHepG2 ⣽⬊࠾ࡼࡧ Hc ⣽⬊࡜ࡶ࡟⃰ᗘ౫Ꮡⓗ















Fig.3-12 DOX࠾ࡼࡧ HLฎ⌮࡟ࡼࡿ HepG2⣽⬊࡜ Hc⣽⬊ࡢቑṪᢚไຠᯝ 
(A)HepG2⣽⬊࡟ᑐࡍࡿ DOX 48 hฎ⌮ (n=4)ࠊ*p <0.05 (vs. Control) 
(B) Hc⣽⬊࡟ᑐࡍࡿ DOX 48 hฎ⌮ (n=4) ࠊ*p <0.05 (vs. Control) 
(C) HepG2⣽⬊࡟ᑐࡍࡿ HL 48 hฎ⌮ (n=4) ࠊ*p <0.05 (vs. Control) 




























































































































































8.2 % 31.4 %






3-3-3  DOX࠾ࡼࡧ HLࡀ⫢ࡀࢇᖿ⣽⬊⋡࡟୚࠼ࡿᙳ㡪 
 

















Fig.3-14 DOX࠾ࡼࡧ HLฎ⌮ᚋࡢ HepG2⣽⬊୰ࡢ CD133(+)/EpCAM(+)ࡢ๭ྜ 
(A) DOX 48 hฎ⌮࡟ࡼࡿ CD133/EpCAMࡢⓎ⌧ 
(B) DOX 48 hฎ⌮࡟ࡼࡿ CD133(+)/EpCAM(+)⣽⬊ࡢ๭ྜ(n=4)ࠊ 
*p <0.05 (vs. Control) 
(C) HL 48 hฎ⌮࡟ࡼࡿ CD133/EpCAMࡢⓎ⌧ 
(D) HL 48 hฎ⌮࡟ࡼࡿ CD133(+)/EpCAM(+)⣽⬊ࡢ๭ྜ(n=4)ࠊ 




Isotype 0 (Control) 0.001 μM





































































































Isotype 0 (Control) 50 μM

























3-3-4  DOX࠾ࡼࡧ HLࡀ HepG2⣽⬊ࡢ⭘⒆ཎᛶ⬟࡟୚࠼ࡿᙳ㡪 
 
 DOX࠾ࡼࡧ HLฎ⌮ࡋࡓ HepG2⣽⬊ࡢ⭘⒆ཎᛶ⬟࡟ࡘ࠸࡚ㄪ࡭ࡿࡓࡵ࡟㌾
ᐮኳࢥࣟࢽ࣮ᙧᡂἲࢆ⾜࠸ࠊࡑࡢ⤖ᯝࢆ Fig.3-15࡟♧ࡋࡓࠋHepG2⣽⬊ࡣ㊊ሙ
㠀౫ᏑࡢቑṪࢆ⾜࠺ࡓࡵࠊ㌾ᐮኳᇵᆅ୰࡛ࡶቑṪᛶࢆ♧ࡋࠊDOX࠾ࡼࡧ HLฎ
⌮ࢆ⾜ࢃ࡞࠸≧ែࡢࢥࣟࢽ࣮ᙧᡂࡢᵝᏊࢆ Fig.3-15A ࡢᕥഃ࡟ Control ࡜ࡋ࡚














Fig.3-15 DOX࠾ࡼࡧ HLฎ⌮ᚋࡢ HepG2⣽⬊ࡢ⭘⒆ཎᛶ⬟ࡢẚ㍑ 
(A) ㌾ᐮኳᇵᆅ୰ࡢࢥࣟࢽ࣮ᙧᡂ෗┿ (㟷: ࢥࣟࢽ࣮ࠊ㉥: 㠀ࢥࣟࢽ࣮)ࠊ 
  Scale Bars: 200 μm 
(B) DOX 48 hฎ⌮࡟ࡼࡿࢥࣟࢽ࣮ᙧᡂᩘ (n=4)ࠊ*p <0.05 (vs. Control) 




Control 50 1000.001 0.01

































































3-3-5  HepG2⣽⬊୰ࡢ CD133/EpCAMⓎ⌧ࡢ᭷↓ࡀ HLࡢ⵳✚࡟୚࠼ࡿᙳ㡪 
 
 HepG2⣽⬊୰࡟࠾࠸࡚ࠊࡀࢇᖿ⣽⬊࣐࣮࣮࡛࢝࠶ࡿ CD133࡜ EpCAMࡢⓎ
⌧ࡀ HL ࡢ⵳✚࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ㄪ࡭ࡿࡓࡵࠊ⺯ග⬡㉁ྵ᭷ HL 
(HL/NBDPC)ࢆ⏝࠸᳨࡚ドࡋࡓࠋࡲࡎࠊ⫢ࡀࢇ⣽⬊࡛࠶ࡿ HepG2 ⣽⬊࡬
HL/NBDPCࡣࠊFig.3-16࡟♧ࡍࡼ࠺࡟⃰ᗘ౫Ꮡⓗ࡟⵳✚ࡍࡿࡇ࡜ࡀほᐹࡉࢀࡓࠋ
ࡉࡽ࡟ࠊ HepG2 ⣽⬊୰ࡢ CD133(+)/EpCAM(+)ࠊ CD133(-)/EpCAM(+)ࠊ
CD133(+)/EpCAM(-)ࠊCD133(-)/EpCAM(-)ࢆ♧ࡍ 4㞟ᅋ࡟ศ⏬ࡋ(Fig.3-17A)ࠊࡑ
ࢀࡒࢀࡢ㞟ᅋ࡬ࡢ HL/NBDPCࡢ⵳✚㔞ࢆẚ㍑ࡋࡓ࡜ࡇࢁࠊFig.3-17B࡟♧ࡍࡼ









































































































Fig.3-17 HepG2⣽⬊࡟࠾ࡅࡿ CD133/EpCAMࡢⓎ⌧ࡀ 
HL/NBDPCࡢ⵳✚࡟୚࠼ࡿᙳ㡪 
(A) HL/NBDPC࡛ 1 hฎ⌮ࡋࠊ(i):CD133(+)/EpCAM(-), (ii): CD133(+)/EpCAM(+),  
(iii): CD133(-)/EpCAM(-), (iv): CD133(-)/EpCAM(-)ࡢ 4㞟ᅋ࡛ HL/NBDPC⵳✚ 
ࡢゎᯒࢆ⾜࠸ࠊ౛࡜ࡋ࡚ HL/ NBDPC 200 μM, 1 hฎ⌮ࡢࡶࡢࢆᣲࡆࡓ 

















































































































ࡃ࡞ࡾࠊ἞⒪࡟࠾ࡅࡿᝈ⪅ࡢ QOL(Quality of life)ࡀపୗࡍࡿࡇ࡜ࡶ⪃࠼ࡽࢀࡿࠋ
ࡲࡓࠊࡀࢇࡣ㧗㱋໬࡜ඹ࡟ࡑࡢࣜࢫࢡࡀୖ᪼ࡍࡿ⑓Ẽ࡛࠶ࡾࠊ᪥ᮏࡣୡ⏺࡛ࡶ






























































㦂࡟࠾ࡅࡿ 3Rࡣ 1959ᖺ࡟࢖ࢠࣜࢫࡢ◊✲⪅࡛࠶ࡿ Russell࡜ Burch࡟ࡼࡾᥦ
ၐࡉࢀࠊ㏆ᖺ࡛ࡣᐇ㦂ື≀⚟♴࡟㛵ಀࡍࡿྛᅜࡢἲᚊࡸᣦ㔪ࡔࡅ࡛࡞ࡃࠊᅜ㝿
ᇶ‽ࡸᅜ㝿ᣦ㔪࡟᥇⏝ࡉࢀ࡚࠸ࡿ 107,108)ࠋEU࡛ࡣ 2013ᖺ 3᭶࡟Ⓨຠࡋࡓつไ
࡟ࡼࡾࠊ໬⢝ရ㛤Ⓨ࡟ື≀ᐇ㦂ࢆ⏝࠸ࡿࡇ࡜ࡀ⚗Ṇࡉࢀ 109)ࠊ໬Ꮫ≀㉁࡟ࡘ࠸
࡚ࡶḢᕞࡢ໬Ꮫ≀㉁ࡢⓏ㘓ࠊホ౯ࠊㄆྍཬࡧไ㝈࡟㛵ࡍࡿつ๎(Registration, 
Evaluation, Authorization and Restriction of Chemicals㸸REACH)ࡸ⡿ᅜࡢᨵṇ᭷ᐖ


















































➨ 2❶࡛ࡣࠊ⫢䛜䜣⣽⬊䛾୕ḟඖ䠄3D䠅ᇵ㣴䛻䜘䜛⸆๣⪏ᛶ⌧㇟䛾 in vitro䛷䛾





ᢸయ Cellbed 䜢⏝䛔䛶୕ḟඖᇵ㣴(3D ᇵ㣴)䛩䜛䛣䛸䛷䚸HepG2 ⣽⬊䛾 DOX 䛻ᑐ
䛩䜛 IC50್䛜㧗䜎䜚䚸䛥䜙䛻DOX䛾⣽⬊እ᤼ฟάᛶ㧗䛟䛺䜛䛣䛸䛜♧䛥䜜䛯䚹䛣䛾஦
ᐇ䛿䚸2D ᇵ㣴䛷䛿 MDR1 ➼䛾⸆๣⪏ᛶ䛻㛵୚䛩䜛⸆๣᤼ฟ䝍䞁䝟䜽㉁䛺䛹䛾Ⓨ
⌧䛜ᑠ䛥䛔䛜䚸3Dᇵ㣴䛻䜘䜚 MDR1 ➼䛾Ⓨ⌧䛜ከ䛟䛺䜚䚸in vitro 䛷⸆๣⪏ᛶ⌧㇟
䛜෌⌧䛷䛝䛯䜒䛾䛸⪃䛘䜙䜜䜛䚹ຍ䛘䛶䚸᪤Ꮡ䛾MDR1㜼ᐖ⸆䛷䛒䜛 VRPฎ⌮䛻䜘
䜚䚸⸆๣⪏ᛶඞ᭹⌧㇟䛻䛴䛔䛶 in vitro䛷᳨ウ䛧䛯䛸䛣䜝䚸DOX䛾 IC50್䛜పୗ䛧䚸
᤼ฟάᛶ䛜ᢚไ䛥䜜䛯䛣䛸䛜☜ㄆ䛥䜜䛯䚹䛭䛾䛯䜑䚸Cellbed 䛻䜘䜛 3D ᇵ㣴䛿 in 
vitro䛷⸆๣⪏ᛶඞ᭹⌧㇟䜢෌⌧䛷䛝䜛᪂つ䛺䝇䜽䝸䞊䝙䞁䜾ἲ䜢ᥦ౪䛷䛝䜛ྍ⬟ᛶ
䛜♧၀䛥䜜䛯䚹 




䝬䜴䝇䛻๪స⏝䛜ぢ䜙䜜䛺䛔 DOX ⃰ᗘ(1 mg/kg, i.v.)䛻䛚䛔䛶䚸⭘⒆య✚䛜ᮍ἞
⒪⩌䛸ẚ㍑䛧䛶἞⒪ຠᯝ䛜↓䛟䚸DOX 䛻ᑐ䛩䜛⸆๣⪏ᛶ⌧㇟䛜㉳䛝䛯䛸⪃䛘䜙䜜
䛯䚹䛥䜙䛻䚸ྠᵝ䛾⓶ୗ⛣᳜䝰䝕䝹䝬䜴䝇䛻 VRP(25 mg/kg, i.p.)䛸 DOX(1 mg/kg, 
i.v.)䜢ే⏝䛧䛶ᢞ୚䛩䜛䛣䛸䛷䚸ᮍ἞⒪⩌䛸ẚ㍑䛧䛶㢧ⴭ䛺⭘⒆䛾ቑṪ㜼ᐖ䛜☜ㄆ
䛥䜜䚸⸆๣⪏ᛶඞ᭹⌧㇟䛜ほ 䛥䜜䛯䜒䛾䛸⪃䛘䜙䜜䜛䚹 
᭱ᚋ䛻䚸⸆๣⪏ᛶ䛻㛵୚䛩䜛 MDR1䛾ච␿ᰁⰍ䜢 in vitro(Cellbed䛻䜘䜛 3Dᇵ
㣴)䛸 in vivo(⭘⒆)䛷ᐇ᪋䛧䛶ẚ㍑䛧䛯䚹⤖ᯝ䛸䛧䛶䚸in vitro 䛸 in vivoඹ䛻⣽⬊䛸⣽
⬊䛾᥋╔㒊ศ䛻 MDR1 䛾Ⓨ⌧䛜ᒁᅾ䛧䛶Ⓨ⌧䛩䜛䛣䛸䛜♧䛥䜜䛯䚹䛣䛾䛣䛸䛿䚸













䜣⣽⬊䝬䞊䜹䞊䛷䛒䜛 CD133 䛸 EpCAM䛾Ⓨ⌧䛸 HL䛾⵳✚䛾㑅ᢥᛶ䛻䛴䛔䛶䛾
᳨ウ䜒⾜䛳䛯䚹 
᭱ึ䛻䚸DOX 䛸 HLฎ⌮䛻䜘䜛 HepG2⣽⬊䛸 Hc⣽⬊(ṇᖖ䛺⫢⣽⬊)䛻ᑐ䛩䜛
⣽⬊ቑṪ䛾ᢚไຠᯝ䛻䛴䛔䛶᳨ウ䛧䛯䚹DOX 䛿 0.001䡚0.1 μM 䛾⃰ᗘ⠊ᅖ䛻䛚
䛔䛶 HepG2⣽⬊䛸 Hc⣽⬊䛻ᑐ䛧䛶ඹ䛻⃰ᗘ౫Ꮡⓗ䛺ቑṪᢚไຠᯝ䜢♧䛧䚸DOX
䛻䛿⫢䛜䜣⣽⬊䛸ṇᖖ䛺⫢⣽⬊䛾㑅ᢥᛶ䛜ぢ䜙䜜䛺䛛䛳䛯䚹୍᪉䛷䚸HL 䛿 50䡚





ḟ䛻 HepG2 ⣽⬊୰䛾 CD133(+)/EpCAM(+)䜢♧䛩⫢䛜䜣ᖿ⣽⬊㞟ᅋ䛾๭ྜ䛻
䛴䛔䛶 DOX䛚䜘䜃 HLฎ⌮ᚋ䛻 FCMゎᯒ䜢⾜䛔ẚ㍑䛧䛯䚹⤖ᯝ䛸䛧䛶䚸DOXฎ











ⓗ䛺䝁䝻䝙䞊ᩘ䛾ῶᑡ䛜ほ 䛥䜜䚸≉䛻 HL 200 μMฎ⌮䛷䛿㌾ᐮኳᇵᆅ୰䛾䝁䝻
䝙䞊ᙧᡂ䛩䜙䜒ᢚไ䛧䛶䛔䛯䚹 
᭱ᚋ䛻䚸⺯ග⬡㉁ྵ᭷ HL(HL/NBDPC)䜢 HepG2 ⣽⬊䛻ฎ⌮䛧䚸HL 䛾⵳✚䛸
CD133 䛚䜘䜃 EpCAM 䛾Ⓨ⌧䛾㛵ಀ䛻䛴䛔䛶 3 㔜ᰁⰍ䜢⾜䛔䚸FCM ゎᯒ䜢⾜䛳
䛯䚹⤖ᯝ䛸䛧䛶䚸HL/NBDPC 䛿 25䡚200 μM 䛷 1 ᫬㛫ฎ⌮䛩䜛䛸⃰ᗘ౫Ꮡⓗ䛻
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ᮏㄽᩥࡣࠊᓫᇛ኱Ꮫ㝔 ᕤᏛ◊✲⛉ ᛂ⏝⏕࿨⛉Ꮫᑓᨷ ་⏝⏕యᕤᏛㅮᗙ ᯇ
ୗ◊✲ᐊ࡟࠾࠸࡚ࠊᯇୗ⌶ᩍᤵࠊྂỈ㞝ᚿ෸ᩍᤵࡢࡈᣦᑟࡢୗࠊ༤ኈᚋᮇㄢ⛬
3ᖺ㛫࡛⾜ࡗࡓ◊✲ࢆࡲ࡜ࡵࡓࡶࡢ࡛࠶ࡿࠋ 
 
ᮏ◊✲ࡢ㐙⾜࡟࠶ࡓࡾࠊ⤊ጞᚚぶษ࡞ᚚᣦᑟ࡞ࡽࡧ࡟ᚚ㠴᧡ࢆ㈷ࡾࠊᮏㄽᩥ
ࢆసᡂࡍࡿୖ࡛ࡶጞ⤊ᚚᣦᑟୗࡉ࠸ࡲࡋࡓᯇୗ⌶ᩍᤵ࡟ㅽࢇ࡛ឤㅰ⮴ࡋࡲࡍࠋ
ࡲࡓྠࠊ ◊✲ᐊ࡛⤊ጞᚚぶษ࡞ᣦᑟ୪ࡧ࡟ከ኱࡞ᚚຓຊࢆᢎࡾࡲࡋࡓྂỈ㞝ᚿ
෸ᩍᤵ࡟῝ࡃឤㅰ⮴ࡋࡲࡍࠋ 
 
ᮏ◊✲ࡢ㐙⾜࠾ࡼࡧㄽᩥసᡂ࡟࠶ࡓࡾࠊ⤊ጞ࡞ᚚぶษ࡞ᚚᣦᑟ࡞ࡽࡧ࡟ᚚ㠴
᧡ࢆ㈷ࡾࡲࡋࡓᯇᮏ㝧Ꮚᩍᤵ࡟ᚰࡼࡾ῝ࡃឤㅰ⮴ࡋࡲࡍࠋ 
 
ᮏㄽᩥࢆసᡂࡍࡿ࡟࠶ࡓࡾࠊ཭㔜❳୍ᩍᤵ࡟㈗㔜࡞ᚚᩍ♧࡞ࡽࡧ࡟ᚚຓゝࢆ
㈷ࡾࡲࡋࡓࠋࡇࡇ࡟ᚰࡼࡾ῝ࡃឤㅰ⮴ࡋࡲࡍࠋ 
 
ᮏ◊✲ࢆ㐙⾜ࡍࡿ࡟࠶ࡓࡾࠊ㈗㔜࡞ᚚᩍ♧࡞ࡽࡧ࡟ᚚຓゝࢆ㡬ࡁࡲࡋࡓᚋ⸨
ᾈ୍ᩍᤵ࡟ㅽࢇ࡛ឤㅰ⮴ࡋࡲࡍࠋ 
 
ᮏ◊✲ࢆ㐙⾜࠾ࡼࡧㄽᩥࢆసᡂࡍࡿ࡟࠶ࡓࡾࠊ㐺ษ࡞ᚚᩍ♧࡞ࡽࡧ࡟ᚚຓゝ
ࢆ㡬ࡁࡲࡋࡓᕷཎⱥ᫂ᩍᤵ࡟ᚰࡼࡾឤㅰ⮴ࡋࡲࡍࠋ 
 
ᮏ◊✲ࡣࠊ᪥ᮏࣂ࢖࣮ࣜࣥ(ᰴ)࡜ࡢඹྠ◊✲࡛ࡍࠋCellbed®ࡢస〇࠾ࡼࡧᚚ
ᥦ౪ࠊษ∦ࢧࣥࣉࣝࡢస〇࡜ᰁⰍࠊ➨ 2 ❶ࡢෆᐜ࡟ࡘ࠸࡚ᚚຓゝࢆ㡬ࡁࡲࡋ
ࡓࠋࡇࡇ࡟ཌࡃᚚ♩⏦ࡋୖࡆࡲࡍࠋ 
 
ᮏ◊✲ࡣࠊཌ⏕ປാ┬ᅜ❧་⸆ရ㣗ရ⾨⏕◊✲ᡤࡢ▼⏣ㄔ୍༤ኈ࡜ࡢඹྠ◊
✲࡛ࡍࠋ➨ 3❶ࡢෆᐜ࡟ࡘ࠸࡚ᚚຓゝ࠾ࡼࡧᚚពぢࢆ㡬ࡁࡲࡋࡓࠋࡇࡇ࡟ཌࡃ
ᚚ♩⏦ࡋୖࡆࡲࡍࠋ 
 
ㅮ⩏ࡲࡓࡣࢭ࣑ࢼ࣮➼ࢆ㏻ࡌ࡚ࠊᮏᏛᛂ⏝⏕࿨⛉Ꮫᑓᨷࡢㅖඛ⏕᪉࡟ࡣከ
኱࡞ᚚᩍ♧࡞ࡽࡧ࡟ᚚຓゝࢆ㡬ࡁࡲࡋࡓࡇ࡜ࢆㅽࢇ࡛ឤㅰࢆ⏦ࡋୖࡆࡲࡍࠋ 
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ඃࢀࡓ◊✲ᡂᯝࢆṧࡋ࡚࠸࠿ࢀࡓඛ㍮᪉ࢆࡣࡌࡵࠊⱞᴦࢆඹ࡟ࡋ࡚ࡁࡓྠ◊
✲ᐊࡢᏛ⏕ㅖẶࡸ༠ຊࡋ࡚㡬࠸ࡓᯇᮏ◊✲ᐊࡢᏛ⏕ㅖẶࠊ࡟῝ࡃឤㅰ⮴ࡋࡲࡍࠋ
≉࡟ࠊỈẸᩗᾈ༤ኈ◊✲ဨࠊ᱓ཎၨྖ༤ኈ◊✲ဨࠊዟᮧ┿ᶞྩࠊඖᮧ᐀ㄔྩࠊ
ᒣཱྀⱸᮍࡉࢇࠊⓑᮌ᫂᪥㤶ࡉࢇࠊ୰ᮧⱸ⪨ࡉࢇࠊ㛗㷂ⰼెࡉࢇࠊ᯶ᮏ࿴ᐇࡉࢇࠊ
ᡃ㑣ぞ୍෪ྩࠊᆏ⏣ᮃྩ࡟ࡣࠊᐇ㦂㠃࡞ࡽࡧ࡟⚾஦ⓗ࡟኱ኚ࠾ୡヰ࡟࡞ࡾࠊཌ
ࡃᚚ♩⏦ࡋୖࡆࡲࡍࠋ 
 
᭱ᚋ࡟࡞ࡾࡲࡍࡀࠊ㛗࠸㛫ຮᏛ࡟ດࡵࡿᶵ఍࡜ከ኱࡞ࡿ⤒῭ⓗᨭ᥼ࢆ୚࠼࡚
ࡃࢀࡓ♽∗ࠊ♽ẕࠊẕࠊᘵ࡟ᚰࡼࡾឤㅰ⮴ࡋࡲࡍࠋ 
 
 
